Abstract For decades and still today, software development projects have failed because they do not meet the needs of users, are over-budget, and abandoned. To help address this problem, the user requirements elicitation process was modified based on principles of Appreciative Inquiry. Appreciative Inquiry, commonly used in organizational development, aims to build organizations, processes, or systems based on success stories using a hopeful vision for an ideal future. In four studies, Appreciative Inquiry was evaluated for its effectiveness with eliciting user requirements in different circumstances. In the first two studies, it was compared with brainstorming, a traditional approach, with end-users (study 1) and proxy-users (study 2). The third study was a quasi-experiment comparing the use of Appreciative Inquiry in different phases in the software development cycle (study 3). The final (fourth) study combined all lessons learned using Appreciative Inquiry in a cross-case comparison study of 3 cases to gain additional understanding of the requirements gathered during various project phases. In each of the four studies, the requirements gathered, developer and user attitudes, and the Appreciative Inquiry process itself were evaluated. Requirements were evaluated for their quantity and type regardless of whether they were implemented or not. Attitudes were evaluated for commitment to the requirements and project using process feedback. The Appreciative Inquiry process was evaluated with differing groups, projects, and project phases to determine how and when it is best applied. Potentially interceding factors were also evaluated including: team effectiveness, Emotional Intelligence, and perceived stress. Appreciative Inquiry produced positive results for the participants, the requirements obtained, and the general requirements eliciting-process. Appreciative Inquiry demonstrated benefits to the requirements gathered by increasing the number of unique requirements as well as identifying more quality-based (non-functional) and forward-looking requirements. It worked best when there was time for participants to reflect on the thought-provoking questions and when the facilitator was knowledgeable of Empir Software Eng (2011) 16:733-772 DOI 10.1007 C. K. Gonzales (*) : G. Leroy School of Information Systems and Technology, Claremont Graduate University, Claremont, CA, USA e-mail: carolhg@csupomona.edu G. Leroy e-mail: gondy.leroy@cgu.edu the subject-matter and had extra time to extract and translate the requirements. The participants (end-users and developers) expressed improved project understanding. Endusers participated consistently with immediate buy-in and enthusiasm, especially those users who were technically-inhibited. We conclude that Appreciative Inquiry can augment existing methods by presenting a positive and future aspect for a proposed system resulting in improved user requirements.
Introduction
Information systems developers need to give users what they need to meet their business goals and tasks, which is difficult since many future users may not be sure what it is that they need or may not be able to communicate their needs. The goal of requirements analysis is to get the users' needs articulated and described in such a way that developers can build their intended product successfully.
One of the greater challenges in procuring or developing any information system is capturing the user requirements since requirements decisions are affected by incomplete and uncertain information (Herrmann and Paech 2009) . Requirements analysis involves defining problems to be solved, the business and system goals, the processes to be accomplished, and inputs to and outputs from the system. Documented requirements are used by the developers for system design and development or translated into a request for proposal to purchase a system (Gallegos et al. 2004) . Elicitation is the first step in user requirements gathering; it is the process of learning and discovering the needs of users and other stakeholders (Browne and Ramesh 2002; Hickey and Davis 2004) . Following elicitation, the process for documenting requirements analyzes the information obtained and transforms it into documentation of the system's desired behavior and operation. Finally, verification establishes the completeness, accuracy, and practicality of the requirements (Browne and Ramesh 2002; Hickey and Davis 2004) . In development projects that use evolutionary prototyping approaches, this cycle can be repeated many times throughout the complete project development cycle.
The focus of this paper is on one of the critical steps, requirements elicitation. Overall the goal of requirements elicitation is to bring the analyst, users, and other stakeholders closer to a mutual understanding of the requirements they want to address. Defining requirements calls for effective interaction and open communication between the user (or proxy) and developer to generate the information that describes the needs of the user (Guinan and Bostrom 1986) . The process is a negotiation among the various system stakeholders (Guinan and Bostrom 1986; Siau and Tan 2006) and is intended to help people work together to define the attributes of a common solution, reduce ambiguity, and raise new issues (Hickey and Davis 2004) . Ideally, the communication involved in capturing requirements should increase participation, trust and a define a common understanding (Guinan and Bostrom 1986) .
Eliciting requirements involves getting into "someone's head" to capture the crucial knowledge and expertise (Guinan and Bostrom 1986 ). An elicitation technique is a series of structured steps with questions or guidelines that assist analysts in obtaining requirements (Browne and Ramesh 2002) . Elicitation methodologies define activities, such as direct questions, what-if analysis or scenario-based methods that should be performed (Hickey and Davis 2004) . There are four general categories of techniques for eliciting requirements: pre-elicitation conditioning, prompting, indirect prompting, and external representation (Browne and Ramesh 2002) . The elicitation technique chosen is based on the requirements gathering problem being addressed or the phase of requirements gathering. One method does not fit all since the requirements being sought, problems addressed, solutions considered, characteristics of the project, as well as the preferences of the analyst/facilitator influence a method's applicability. The purpose of pre-elicitation is to manage the user expectations by explaining to the user what will be asked and what information the user will need to provide. Pre-elicitation allows explanation of terms, opportunity to understand what type of information is needed, and clarification of inconsistencies which can help minimize biases. Prompting techniques allow questions to improve recall, reduce satisficing, and address faulty reasoning including cognitive biases. Direct questioning and what-if analysis are examples of prompting techniques. Indirect prompting techniques attempt to draw out information that may be difficult to consciously recall. Scenario-based questioning is an example of indirect prompting. It allows users to consciously use their knowledge as opposed to just assuming knowledge. External representation techniques are diagrams that represent information. They help with memory recall, information linking for additional recall, and complexity. Examples of external techniques include flow charts, decision maps, and affinity diagrams (Browne and Ramesh 2002) .
Although many requirements gathering techniques exist, many information system development projects still fail due to deficient user requirement gathering. Failure is a chronic and expensive problem. Recent studies estimated that 30% of all information system projects are canceled before completion and over 50% go over budget (Gartner 2009) . A main contributing factor to failed projects, and their high cost, is misunderstood user requirement (Baroudi et al. 1986; Dieste et al. 2008) , which means that a misunderstanding exists between users and developers. However, there is a lack of empirical data to define the misunderstanding further (Guinan and Bostrom 1986) . Misunderstood requirements lead to software defects. A large majority (70%) of software defects is introduced during the requirements analysis and testing phases with 60% of these defects not caught until user acceptance testing (Gartner 2009 ). The longer it takes to fix the mistake, the more costly it becomes: it is 5 times more costly to correct a mistake during the design phase, 6 times more costly to fix it during development phase (Gartner 2009; Schneider et al. 1992) , 10 times more costly to correct it during coding phase, and 20 to 50 times more costly during acceptance testing phase. If a problem is found once the application is put in operation, then the cost is 100 to 200 times higher (Schneider et al. 1992) .
Human factors negatively impact the ability to gather information requirements resulting in missed and misunderstood requirements, causing conflicts and increasing the misinterpretation between developers and users (Gartner 2009; Siau and Tan 2006) . Some problems are the result of limitations in memory, cognition, behaviors, communication differences and reluctance to provide requirements (Browne and Ramesh 2002) . Each participant views the goals, problems and solutions differently, and therefore makes it challenging to bring together this diversity of views and opinions (Guinan and Bostrom 1986) . A lack of a common language between the analysts, developers, and users also creates a gap of understanding. Developers and analysts should understand the user's language so that they can have a better understanding (Olfman and Bostrom 1992) . In addition to these human limitations, the complexities of the requirements, and the nature of the projects, such as tight deadlines or changing goals, add additional problems.
Technologists tend to use a problem/solution-focus and technical prescriptive processes to gather requirements which may not be effective at addressing these problems encountered with eliciting requirements especially with technically-inhibited audiences (Gonzales et al. 2009a ). The focus on problem presumes that the failures can be avoided (Avital et al. 2009) . A problem-solution focus limits the participants' concentration to the immediate problems that they are trying to solve as compared to a positive/goal focus that would direct the participants' attention to the goals that they want to achieve. A problem/solution focus can unintentionally detract from goals and opportunities (Avital et al. 2008 (Avital et al. , 2009 Gonzales et al. 2009a ). Shared comprehension is needed to produce and understand messages between developers and users (Gonzales et al. 2009b) . Developers need the ability to think of the social and technical aspects of an organization and be outcome thinkers. This allows developers and users to think together in terms of the expected outcomes and evaluate their progress (Olfman and Bostrom 1992) . Using a positive focus provides the opportunity to broaden ideas that increase capacity for success (Avital et al. 2009) .
Prior research has shown that effective communication improves productivity and that ineffective communication negatively correlates with system success (Guinan and Bostrom 1986) . Communication relies on a person's skill, the context of the conversation, the person to whom they are communicating with and the intent of the message (Gonzales et al. 2009b) . Communication competence influences the outcomes (Guinan and Bostrom 1986 ). Developers and users should feel equal in the interaction so that they feel comfortable communicating accurately and genuinely (Gonzales et al. 2009b ). There is a need for open communication and improved negotiations between users and development teams. Interviews, feedback sessions and ongoing reviews, as well as effective communication modeling, can be beneficial in capturing critical knowledge and expertise (Guinan and Bostrom 1986) .
Communication with the user improves when enough effort is devoted to gathering requirements. A coherent set of requirements serves as a basis for development and establishes fitting user expectations (Gartner 2009 ). Additionally, development time and costs will be lowered when there is an accurate and complete understanding of requirements (Schneider et al. 1992) .
We believe Appreciative Inquiry, and its positive approach, can improve requirements gathering by improving communication and addressing automatic responses, behaviors, complexities and biases. Appreciative Inquiry engages people at all levels to facilitate positive change by creating a shared vision and strategy for the future . Appreciative Inquiry includes a method for collaboratively working with a group of stakeholders and asking questions in a positive manner focused on future potential and possibilities using a foundation of past successes . It has the potential to reduce the problem-focus described above.
Appreciative Inquiry has seldom been used in information systems design despite its similarities with other approaches for eliciting requirements. For example, it is similar to what-if analysis where users are asked to imagine what might occur during a specific scenario (Browne and Ramesh 2002) . Appreciative Inquiry helps users imagine future tasks while encouraging them to think about past successes. Appreciative Inquiry is also similar to scenario-based approaches for soliciting requirements. Scenarios are designed to solicit knowledge through non-routine scenarios as a means of limiting automatic responses/behaviors and improving recall (Browne and Ramesh 2002) . One could say that the what-if scenarios used in Appreciative Inquiry are those based on past successes which can be applied to a future goal.
Research Objective
Overall, our research objective is to evaluate the use of Appreciative Inquiry, with its positive approach, to improve the elicitation of user requirements with end-users and developers. In addition to its positive focus, Appreciative Inquiry brings a visionary futuristic view that may allow an opportunity to capture requirements not otherwise identified.
This paper discusses four progressively informed studies applying Appreciative Inquiry to solicit user requirements with different audiences, contexts, and research methods. Studies progressed from pilot studies, controlled experiments, quasi-experiments and multiple case studies with end-user, developers, and company leaders as participants. Qualitative and quantitative data was collected to include requirements (type, disposition, and quality), participant attitudes, and process feedback.
The studies were executed as Action Research to improve knowledge on optimal user requirements gathering, and to develop and optimize a requirements elicitation process. Action Research was used to inform and improve the latter studies based on participant feedback and results from the earlier studies. During these four studies, we continually improved our requirements elicitation process, assessed different project timelines and progressively limited the active involvement of the researcher in order to progress toward the ultimate goal of developing an Appreciative Inquiry user requirements process that can be used by any development team.
Appreciative Inquiry

Overview
Appreciative Inquiry is a compliment to Action Research in that it is participatory in nature but goes beyond Action Research by taking a positive view of collaboration to facilitate change (Cooperrider and Srivastva 1987) . It is commonly used in organizational development to facilitate change (Cooperrider and Srivastva 1987) . Through direct participation in a positive goal-oriented manner, Appreciative Inquiry adopts a constructionist and positivist process that focuses on the strengths of people and the organization (Avital et al. 2008) . Because of its positive and goal-oriented nature and its use of the participant's language and narrative, we believe Appreciative Inquiry can be adjusted to capture user requirements and address the aforementioned challenges.
As with other positivist approaches, Appreciative Inquiry focuses on positive outcomes as opposed to a focus on errors and deficits (Avital et al. 2009; Cameron et al. 2003) . Appreciative Inquiry uses positive experiences from the past and hope for the future to collaboratively define expectations (Hammond 1998) . Its premise is that our reality is based on what we focus on and it is better to focus on our strengths and what we do best as opposed to focus on our problems and weaknesses (Hammond 1998) . In focusing on problems, we tend to focus on an incomplete set of suboptimal solutions as opposed to focusing on the desired outcomes .
Fundamental to Appreciative Inquiry is the manner in which questions are asked. Appreciative Inquiry initially recalls past strengths and successes and follows by open ended questions that enlighten future potential and opportunities based on the positive past (Avital et al. 2009; Cameron et al. 2003 ).
Process
The Appreciative Inquiry process is often carried out in a series of facilitated and collaborative meetings with representative groups of stakeholders that can including, users, technical support staff, and management. One widely used approach to apply Appreciative Inquiry is known as the 4-D cycle-Discovery, Dream, Design and Destiny ).
The Appreciative Inquiry process starts with defining an affirmative topic called the Appreciative Theme. An Appreciative Theme sets the tone for the four phases. The Appreciative Theme is intended to provide a positive and hopeful focus and vision for the inquiry session that can either be developed by participants or provided by the facilitator based on obtaining an understanding for the desired session goals ). An example of an Appreciative Theme is shown below:
When project teams are successful, the user/company realizes their vision and goals; team members are successful at producing desired results and achieving their goals, and user/companies obtain their goals through meeting current and future needs. Technology is a tool that facilitates the achievement of this vision and goals. It frees people from processes and methods. It greatly improves company, user and team member success, as well as supports successful relationships between the team members, company, and user. It supports creativity, enables quality and produces desired results.
The outcome for the Discovery Phase is to discover the best of "what is." The group is interviewed about high points in their careers, organizations, and relationships. Sharing positive stories allows the group to define and describe those factors and conditions that contributed to prior successes. Participants share details of their stories and the facilitator captures common themes. This step creates excitement among the participants. The three basic questions for initiating an Appreciative Inquiry session are :
& What would you describe as your highest experience that was a time when you were most alive? & What do you value most about yourself, your work and your organization? & What are the core factors that give life to your organization?
The Dream Phase focuses on "what might be." Participants are asked to look in the distant future and envision the ideal organization, process, and system. Creativity and imagination are encouraged with no constraints. This is particularly effective since it follows the Dream Phase where participants gain excitement and commitment through the sharing of positive stories of prior successes . Below is a sample question used in the Dream Phase:
The Design Phase comes next to define "how can it be" by taking the identified strengths and future visions and defining "possibility propositions," which are descriptions and images of what can be created. It takes a holistic approach by including system information and the supporting organization roles, relationships, processes and policies. The proposals should be challenging, realistic, desirable and positive .
The 4D cycle is concluded with the Destiny Phase which details "what will be." The goal is to define actions and confirm wide-spread support. The objective is that the participants, who have been energized from the Appreciative process, will step-up to lead and support the identified actions ).
Action Research
Appreciative Inquiry, with its iterative cycle, can be applied within the framework of Action Research (Cooperrider and Srivastva 1987) . Action Research is a research method commonly attributed to the social experiments conducted by Kurt Lewin in the 1940s which gained popularity in information systems in the 1990's (Baskerville 1999; Reason and Bradbury 2001) . One of its key assumptions is that action creates knowledge within a participatory process (Reason and Bradbury 2001) . The goal of Action Research is to improve practical matters as well as to improve scientific knowledge (Baskerville and Myers 2004) . It hopes to improve the application and use of knowledge gained from research and theory (Van de Ven 2007) .
Action Research is a partnership of the researcher with the study participants who use an iterative process to initiate change and study it. Practical knowledge is developed in a participatory process that reflects on the results of actions (Reason and Bradbury 2001) . The researcher brings her knowledge of action research while the participants bring their practical knowledge and context (Baskerville and Myers 2004) . Action Research is considered a collection of research approaches, rather than just one particular research method. As a group, the various forms of Action Research share four similar attributes which differentiate Action Research from other social inquiry methods: 1) an aspect of action or change; 2) a focus on a problem; 3) an iterative systemic process involving phases, and; 4) a collaboration among the participants (Baskerville and Myers 2004) . Participatory Action Research is a specialized form of Action Research. In participatory action research, the researcher and participant work together. The participant is actively involved in analyzing results and determining future actions (Baskerville 1999 ).
Benefits to Eliciting User Requirements
Appreciative Inquiry, like other participatory design techniques, is a natural fit for compiling user requirements since it promotes a partnership between the system analysts, developers, and users. It enables and enriches communication (Davies et al. 2004) . As with other facilitated processes that encourage collaboration, the stakeholders work together toward a common goal with group agreement . Any technique that promotes user participation increases the success and longevity of information systems (Farzan et al. 2008) . When users participate in system design, they are able to communicate their needs and problems that they hope to solve. Otherwise, if their needs are not met, the system will not be used (Avital et al. 2008) . User participation leads to user involvement and involvement leads to system use. Moreover, users are motivated by involvement and they gain a sense of community (Kollock 1999) . Appreciative Inquiry cultivates all these factors while increasing a sense of responsibility, another important factor in gaining user participation (Hartwick and Barki 1994) .
There has been limited research using Appreciative Inquiry in the field of Information Systems. There have been no prior comparative studies with Appreciative Inquiry in the area of information systems development. At the time of this research, only three example evaluations have been conducted to improve requirements. One set was part of a systems analysis course taught at Case Western Reserve University, Ohio USA, to learn accelerated requirements specification. The results showed that Appreciative Inquiry provided students with a better understanding of requirements specification and system design (Avital 2005) . Appreciative Inquiry was also modified and applied to several system development projects showing success with inspiring users, effectiveness of storytelling as opposed to articulating requirements, and creating a common understanding (Bergvall-Kareborn et al. 2008) . Finally, Appreciative Inquiry was discussed as a means to improve the motivation to adopt Knowledge Management Systems as well as promote the creation and exchange of knowledge due to its storysharing and positive approach (Avital 2004 ).
Study Methodology
Process
The study was conducted as a series of studies using a replicated process and common set of measures for cross-case comparison as a means of identifying recurring practices as well as study enhancements (Miles and Huberman 1994; Yin 2009 ). The first study was a comparative case study with end-users to determine if Appreciative Inquiry would improve requirements gathering and user attitudes as compared to brainstorming. The second study was a controlled user study where we compared Appreciative Inquiry with brainstorming to determine how well prior results from the case study could be duplicated in a controlled experiment. The third study emphasized what worked in previous studies but evaluated the use of Appreciative Inquiry with several actual project teams of students in an undergraduate Computer Information Systems (CIS) course to measure the results of requirements and attitudes at various project phases. To continue improving generalization of the results, the fourth study was conducted as a multiple case studies using a complete replicated process and measures for cross-case comparison with actual project teams of CIS course students. The purpose of the fourth study was to further evaluate Appreciative Inquiry's effectiveness (requirements and attitudes) in multiple case studies with inclusion of possible related factors, such as team effectiveness, perceived stress, and Emotional Intelligence, which may help explain results.
During all four studies, we replicated a common Appreciative Inquiry process as part of user requirements gathering. Each case studied shares the Appreciate Inquiry principles which included an Appreciative Theme and Appreciative Questions. The Appreciative Theme and Appreciative questions were customized as needed to comply with the intent of Action Research and Appreciative Inquiry. They needed to be relevant to the context and goals of the audience and problem to be solved.
The Appreciative Inquiry theme and questions were adjusted in each case study to fit the context of the project. There were seven questions used to help participants recall their positive past experiences and project those positive experiences to a future vision as part of the Discovery and In the spirit of Action Research, we used the results of each study to inform and improve the subsequent study and results. During these four studies, we applied a consistent Appreciative Inquiry process in various phases within the project development cycle based on research results and feedback, as well as progressively limited the active involvement of the researcher in order to progress toward the ultimate goal of developing an Appreciative Inquiry user requirements process that can be used by any development team. Table 1 provides an overview of the studies.
Evaluation Measures
Common evaluation measures used in each study included requirements and participant attitudes. Specifically, we focused on documenting the type of requirement (functional and non-functional), quality of the requirement (uniqueness), and whether the requirement was meeting a current or future need. Participant attitudes were also measured by surveying the participants of each study for their perspective on the focus of their team, satisfaction with the project, confidence in the requirements, and feedback on the Appreciative Inquiry process. The fourth study added measures for team effectiveness, perception of stress, and Emotional Intelligence.
Requirements Requirements are defined as explicit needs that a system is expected to meet (Azuma 2004 ). We measured the type and the quality of the requirements. Requirements were collected in the first and second studies by the researcher. In the third and fourth studies, requirements were collected using the project team's status report as shown in Appendix D.
The two types of requirements measured were functional and non-functional (qualitybased) requirements. Functional requirements are those that relate to a required function that the system must perform. It defines "what" functions are performed. Examples of functional requirements include enabling product purchase, updating inventory quantities after a purchase, and calculating sales tax into the purchase price.
Non-functional requirements relate to "how" functions are performed such as performance requirements, specific quality requirements, and constraints. Non-functional requirements are also known as quality requirements or constraints (Azuma 2004) . Nonfunctional requirements address system reliability, usability, efficiency and maintainability (Azuma 2004; Boegh 2008; Glinz 2008; ISO/IEC 2007) . Examples of non-functional (quality-based) requirements include using radio-buttons to display user choice-selection or a user-interface with "sleek, modern graphics related to motorcycles and cars" for a race-car import company website. The quality of the requirements refers to their stability, diversity, and analyzability. Stability is the extent that requirements change over the course of the project; it is usually defined as instability since changing requirements introduce risk to project success; diversity is the uniqueness of requirements and the extent to which requirements differ and are not repeated or duplicated; and analyzability is the extent that a user's need can be translated to a requirement (Moynihan 2000) . Requirements uncertainty and instability are measured by the degree that a requirement changes during the development process (Barney et al. 2008; Hsu et al. 2008) , and participant prediction for future project success (Procaccino et al. 2002) . Diversity was measured by the uniqueness of the requirement if it was not previously identified. Analyzability was evaluated by the ability to design a test for the requirement once implemented (Azuma 2004 ). Requirements were validated by inspection for their uniqueness as a measure of stability and diversity by the researcher and confirmed by the study participants.
To measure the impact of Appreciative Inquiry's visionary future goal, the second, third and fourth studies noted the requirement timeline to distinguish between a future and an immediate need. Future needs are those that reflected potential business goals as opposed to something that meets a current business need. As an example, an e-commerce website had a current requirement to sell ready-to-wear clothing but the future requirement was to enable the sales of custom-clothing based on measurements provided by the client. Requirements were classified as either "future" or "current" by the researcher.
Requirements were collected using various methods based on the study context. During the first two studies, the researcher collected the requirements through active participation of the participants. They were confirmed by the study participants as they were documented during the session. The third and fourth studies collected requirements through formal documentation (reports) produced by the development teams and submitted to the professor, as well as through the Appreciative Inquiry sessions facilitated individually with each project team.
Participant information was collected via a survey. The survey included six questions, such as gender, degree obtained, self-report personal computer experience and IS system development experience. The survey is available in Appendix A.
Participant and process feedback was evaluated based on participants' positive feelings, commitment, and future vision. These are reported as expected outcomes from Appreciative sessions Hammond 1998) . Additionally, the following measures were added: commitment, buy-in and motivation (Kauppinen et al. 2004) , and perception of project success or failure as measured by confidence in results (Procaccino et al. 2002) . A survey was provided to participants to measure these items. We posed 11 questions and provided a 4 point Likert scale with 1 as "strongly disagree", 2 as "disagree", 3 as "agree", and 4 as "strongly agree." For example, to measure project feedback, we provided the item: "I am satisfied with our current prototype and/or identified requirements." Two compound questions were used in the participant survey to allow for a consistent survey to capture participant feedback at each consecutive project phase when requirements were gathered or refined: initial requirements gathering and prototyping which were done consecutively. Initial requirements gathered were used to develop the prototype; the prototype was used to further define and refine requirements. The complete survey is available in Appendix B. Positive statements made by the participants during the session for the first two studies were recorded and counted by the researcher. Future vision was evaluated in studies two through four through the participant surveys where participants reported how many months into the future they considered when identifying requirements.
Team effectiveness was measured in the fourth study via questions identified by Bushe et al. in their experiment using Appreciative Inquiry as a team intervention (Bushe and Coetzer 1995) . The survey includes 34 questions subdivided into 8 sections that measure: cohesion, conflict management, decision-making, participation, confidence in team ability, satisfaction with membership, satisfaction with team performance and trust. The team effectiveness measures are rated on a scale of 1 to 4 with 1 as "strongly disagree", 2 as "disagree", 3 as "agree", and 4 as "strongly agree." For example, one of the questions to measure cohesion is "I feel a part of this team." Due to copyright restrictions, a copy of the team effectiveness survey is not included within this paper.
Perception of stress was measured in the fourth study using the 10 item scale for Perceived Stress developed by Cohen (Cohen et al. 1983 ). This instrument uses a 5 point scale with 0 as "never", 1 as "almost never", 2 as "sometimes", 3 as "fairly often", and 4 as "very often." A sample question is "In the last month, how often have you felt nervous and 'stressed'?" Due to copyright restrictions, a copy of the perception of stress survey is not included within this paper.
Emotional Intelligence was measured in the fourth study using Schutte's 33-item Emotional Intelligence scale (Schutte et al. 1998) . This instrument uses a 5 points scale with 1 as "Almost Never", 2 as "Rarely", 3 as "sometimes", 4 as "often", and 5 as "most of the time." Emotional intelligence measures how in-tune a person is with his emotions and the emotions of others. For example, one question states "I find it hard to understand the non-verbal messages of other people (reversed scale)." Due to copyright restrictions, a copy of the Emotional Intelligence survey is not included within this paper.
Results
Overall Appreciative Inquiry was an effective requirements elicitation technique. Appreciative Inquiry was able to identify additional requirements not identified with prior methods in a project and identified requirements that more futuristic. Appreciative Inquiry was shown to be effective with technically-inhibited users and directly between the researcher and the developers. However, developers expressed reluctance in using a technique that would identify additional requirements in later project phases. Table 2 provides a brief comparative overview of the study results with detailed results to follow.
End-User Case Study (Study 1)
Our first case study was part of an ongoing software development project with special education teachers who work in different school districts in Southern California. The software being developed, PixTalk communication software (Leroy and De Leo 2008) , is intended for children with autism. We investigated the usefulness of an online community as an add-on to the software and wanted to define the user requirements to make that community useful to special education teachers. During the software development of PixTalk itself, these teachers had expressed a wish to have a channel to share information with each other and with new teachers across the country on how best to work with children with autism. As described in the methodology section, we first attempted to brainstorm Requirements results showed that there were no requirements gathered using brainstorming. This non-technical end-user group repeatedly refused to produce any requirements despite multiple attempts by the researchers. The participants showed no engagement or interest when asked the brainstorming questions. The participants could not acknowledge any possible benefits that could be derived from using an online community, even though they had expressed the need for a collaborative community themselves in earlier sessions. They expressed that learning and using a new computer system was overwhelming to them due to their lack of familiarity with technology and the demands that their jobs already placed on them. In contrast, during the Appreciative Inquiry session, the participants were able to immediately present meaningful quality-based requirements as opposed to technical specifications. The requirements obtained were also different from requirements normally gathered using technically prescriptive methods: they were not technical criteria and reflected values and the qualities that they desired in the proposed online community. A summary comparing requirements obtained with brainstorming with those identified with Appreciative Inquiry is presented in Table 3 .
The question is raised as to whether Appreciative Inquiry leads to pseudo-requirements since no real need was initially identified by the participants. In this particular case, the participants had initially expressed a wish to share information with the autism community. However, due to their face-to-face nature, day-to-day demands, and technical-inhibitions, the teachers could not initially understand how an online community would be useful to them. Appreciative Inquiry allowed the participants to apply their altruistic and communitybased nature to progress in eliciting requirements despite their technical reservations and work-related constraints.
Participant feedback results showed that traditional requirements questions reinforced the teachers' feelings of being overwhelmed by the prospective online community and their lack of belief in any benefits. They continued to discuss the challenges that they faced such as the lack of time, money, leadership support, family support and computer knowledge. It was noticeable that the participants provided no positive or hopeful statements during this session.
In direct comparison, Table 4 displays a sample of answers provided during the introduction of the Appreciative Inquiry session. The Appreciative Inquiry answers were significantly more energetic, positive, and hopeful to the possibilities. Even though they An open membership to all segments of the autistic community;
A repository for sharing available resources with other community members; and
An easy-to-use simple interface that is instinctive for novice users had previously expressed negative responses, their attitudes changed with the Appreciative Inquiry's introduction. During the follow-up Appreciative Inquiry interview, they continued to have positive and energetic attitudes. They did show realism by discussing possible limitations but were able to quickly bring themselves back to positive language and attitudes. They responded to the experience of reflecting on their past aspirations for their career choices. They appeared to enjoy reflecting on their success and value as individuals and as part of groups despite their selfless nature. It provided them an opportunity to look past their overwhelming day-to-day challenges and see their progress over time. They were able to quickly demonstrate their altruistic nature and easily acknowledged the value they placed on the personal relationships they shared with the children and families that they support, and their peers. Process results showed that the Appreciative Inquiry process took more effort and a knowledgeable facilitator in the Design phase to correlate their lengthy narratives into useful requirements of how the system could be envisioned. Translation of the narratives required the facilitator to apply the general non-specific statements made during the Appreciative Inquiry sessions into specific requirements applicable for the project context. For example, the teachers expressed that their hopes and dreams in choosing their profession was to have the ability to change a life and have a positive impact. In applying that statement to an online community for teachers, therapists and families of children with autism, the facilitator translated that statement, in combination with other statements made, into a requirement for an online community that supports group and individual discussion. Though each interview took an average of 1 h, additional time (45 min average) was required to translate the lengthy narratives from the interviews into to more concise user requirements. An example of the requirements translation process is provided in Fig. 1 .
Note: No measures were collected for team effectiveness, perception of stress or Emotional Intelligence.
We want to discuss whether a repeated brainstorming session would have had the same positive effect as the Appreciative Inquiry session since no requirements were identified in the initial brainstorming session and any interactive session can improve requirement elicitation. In this case, the participants had prior regular interactive meetings with the researcher due to a pre-existing long-term relationship as part of PixTalk's development. Therefore, additional meetings using brainstorming were not expected to produce different results. Furthermore, participants were given 2 weeks to reflect on the Appreciative Inquiry session. Time was allowed for the participants, not as a means of increasing interaction because that already existed, but to allow them to reflect on the Appreciative Inquiry questions themselves and their answers. During the study, the participants did not communicate a resistance for answering the Appreciative Inquiry questions but they did ask for more time to reflect on the questions to develop the thoughtful answers. The following three studies were conducted to determine whether the same results could be duplicated using different study methods, contexts and participants.
Lessons Learned Appreciative Inquiry effectively initiated a conversation and obtained user-commitment and excitement with this technically-inhibited audience. The participants benefited from using the language of their "community" as opposed to a technicallyprescriptive process. The participants struggled with the thought provoking Appreciative Inquiry questions and needed time to adequately reflect on the questions before being able to answer them in a meaningful way. The process also required some effort from the facilitator to keep the participants focused on the topic and also to translate their stories to significant requirements. There were numerous threats to validity due to the small population and the lack of controlled conditions with brainstorming and Appreciative Inquiry being applied in the same order to non-random groups. The initial success of this first study in identifying requirements with Appreciative Inquiry was used to design the controlled experiment of the second study to see if results could be replicated with more controlled conditions.
Proxy User Controlled Experiment (Study 2)
The success of the first study led to a second controlled user study with eliciting requirements not otherwise identified. The goal for this study was to replicate findings and compare the process with another traditional requirements eliciting technique, i.e., brainstorming. Brainstorming was chosen because it resembles the Appreciative Inquiry process. Users who consented to participate were randomly assigned to one of two conditions: brainstorming or Appreciative Inquiry. In each condition, they were asked, as a group, to list the requirements to create a "connected" university at their campus. In both the brainstorming and Appreciative Inquiry conditions, we tested two group compositions. The first composition consisted of the users, business analysts and developers roles; the second group composition consisted of the users and business analysts roles. Since this experiment consisted of a distribution of men (10) and women (15), we were able to observe gender differences with Appreciative Inquiry. All details on the participants, methodology, procedures and measurements for this study are provided in Appendix F.
Requirement results showed that Appreciative Inquiry produced an equal number of requirements as compared with brainstorming per session. However, Appreciative Inquiry produced more requirements that were non-functional and futuristic as compared with brainstorming (Table 5) .
Participant feedback results showed that Appreciative Inquiry produced more fourtimes more non-functional requirements than brainstorming as well as produced all of the future requirements identified. It also produced a 53% increase in the relative number of months considered into the future when identifying requirements as compared to brainstorming. Appreciative Inquiry also produced more positive statements. Those with lower perceived personal computer abilities showed a 22% increase in the relative number of months considered into the future when identifying requirements regardless of the elicitation method used.
Appreciative Inquiry also produced a slight improvement to participant confidence and satisfaction and prediction for success with their requirements, ranging from 7 to 12% higher with each group.
Process results showed that the fictitious nature of the experiment produced variable results in participant feedback, like requirements satisfaction and project success depending on the participant's inability to associate with it. Participant roles and group composition proved distracting to the requirements elicitation process due to their fictitious nature and did not provide any differences in results.
Lessons Learned In controlled conditions, Appreciative Inquiry continued to produce requirements that were non-functional, unique and futuristic.
Based on participant feedback recorded during the session by the researcher, the fictitious scenario was a distraction to the Appreciative Inquiry process. Participants required time to understand the context of the fictitious scenario before they could effectively participate. The most interactive participants were those who appeared to have some belief that the system being discussed could actually be implemented. The researcher observed that those who struggled with the fictitious nature were less interactive. Additionally, participants provided feedback during the session and in the feedback survey that the assigned roles seemed to be more of a distraction as most participants gravitated to their natural role as a user as opposed to assuming a role that, again, wasn't realistic or natural for them. In the next study, we decided not to use fictitious assignments or roles since they hinder the process. This allowed us to evaluate whether Appreciative Inquiry would produce different results at different times in the development cycle with real project teams.
Project Team Field Quasi-Experiment (Study 3)
The goal of the third study was to corroborate the early findings with actual projects use of Appreciative Inquiry and its impact on producing different requirements and also to evaluate when Appreciative Inquiry might be more effective in the project cycle. Consequently, the Appreciative Inquiry process was evaluated at different phases of the system development cycle with real software development projects.
This third study was conducted during a capstone course at California State Polytechnic University, Pomona, where student teams developed software for a real client. This is their last course before graduating. The structured approach used in the course made it ideal to evaluate the impact of Appreciative Inquiry at different points during development, namely: after the first Joint Application Design (JAD) requirements session and after the prototyping session. Since participants were not randomly assigned to teams, a quasi-experiment approach was chosen (Kirk 1995) . Two teams participated. Team 1 participated in an Appreciative Inquiry session twice: once after the client submitted their initial requirements and the second after their prototype session. Since differences in results for Team 1 can be attributed both to the timing as well as a learning effect, we organized the study so that Team 2 participated only once in an Appreciative Inquiry session after their prototype session. There were seven participants with four in one project team and three in the other team. The first team developed a website application for a plumbing supply company and the second team developed a website for a race car import company. All details on the participants, methodology, procedures and measurements for this study are provided in Appendix G.
Requirement results showed that Appreciative Inquiry improved requirements consistent with prior results. Appreciative Inquiry produced an equal number of nonfunctional requirements as compared to functional requirements, identified over 50% fewer duplicate non-functional requirements, and produced nearly 100% of the futuristic requirements identified (Table 6) .
In comparing the differences in the Appreciative Inquiry process at the different pointsin-time within the project life cycle, Appreciative Inquiry identified non-functional requirements and fewer duplicates regardless of when it was applied in the project life cycle (beginning or end). Table 6 shows the results from applying Appreciative Inquiry (AI) following the client's initial presentation of requirements and at the conclusion of the final prototype session. The first Appreciative Inquiry session produced quality requirements not originally included by the client. Additionally, a few more unique quality requirements were added following the final prototype session. With Team 2, Appreciative Inquiry was only applied following the final prototype session near the end of the course to exclude a priming effect of the first Appreciative Inquiry session. Regardless of whether the Appreciative Inquiry process was used previously in the project, both project teams were able to identify additional requirements with the Appreciative Inquiry even after finalizing their requirements and presenting their final prototype to the client. Participant feedback showed that participants continued to be satisfied with their requirements and showed commitment to their project.
Process results showed that participants were more interactive with a real project (compared to the previous study) since it was a project in which they had a vested interest. The client was anxious to share a description of their project and the development team was eager to understand what might be expected of them with a method different from what was customarily expected. Consequently, based on researcher observation, the clients and developers alike tended to drift to technical discussions during the Appreciative Inquiry approach during their first-time meeting but were able to refocus on the Appreciative Inquiry questions when reminded.
Lessons Learned Appreciative Inquiry continued to produce different requirements that did not duplicate other requirements regardless of the project phase in which it was applied.
As is consistent with Action Research, the researcher continued her role as a direct participant in the process. It was still indeterminable whether Appreciative Inquiry can have similar positive effects when executed by the developers as opposed to the researcher as the Appreciative Inquiry expert. The subsequent study addressed these limitations by implementing consistent measures for teams at each project milestone as well as evaluating whether a relationship exists with the Appreciative Inquiry feedback and team effectiveness, personal stress, and personal Emotional Intelligence. Additionally, the successive study evaluated whether the developers can apply Appreciative Inquiry when interacting with their clients without direct intervention by the researcher.
Development Team-Multiple Case Study (Study 4)
The purpose of performing this multiple case study was to expand upon the prior studies by focusing on the development team as the Appreciative Inquiry implementers with the client instead of the researcher. As with the previous study, students at California State Polytechnic University, Pomona, participated during their capstone course developing software for actual clients. The approach was similar to the previous study; however, the students themselves were now responsible for applying Appreciative Inquiry with the clients, not the researcher. The researcher demonstrated Appreciative Inquiry directly with the development teams in the initial phase of the project with the expectation that the developers would then apply it with their clients. To get insight in their abilities to execute the Appreciative Inquiry process, additional measures were included to evaluate factors that may correlate with Appreciative Inquiry and the elicitation of requirements: team effectiveness, stress, and Emotional Intelligence.
Three teams participated in this study. The client's projects either created a marketing or e-commerce website. Each team consisted of five to six developer members and their corresponding client. All developer team-members were undergraduate students. For the purposes of using cross-case comparison, each team and their client is considered a separate case. All details on the participants, methodology, procedures and measurements for this study are provided in Appendix H.
Requirements The number of unique requirements for each team by project phase and requirement type is shown in Table 7 .
Team 1's client provided the developers with a concise list of requirements for a marketing website including an in-depth and detailed page-layout and graphic design, which gave the team members the impression that the initial set of requirements was complete. As shown in Fig. 2 , the total requirements for this team remained nearly constant during the project life cycle. The team was able to refine and slightly amend the initial requirements list with a majority of functional requirements during their first joint application design (JAD) session and minimal changes during the second JAD session. However, the team was able to identify additional requirements due to the broadened perspective that was provided during the Appreciative Inquiry session. As a result, the team suggested to their client an additional requirement for a portfolio page after the Appreciative Inquiry session which was subsequently implemented.
Similar to Team 1, the client of Team 2 also provided a concise and detailed list of requirements. The team subsequently worked with the client in the JAD sessions to refine the extensive list to a scope that could be implemented within the 10-week timeframe as shown in the drop of total requirements in Fig. 3 . In this particular case, the project included an extensive database and a technically-focused team which may account for the project's low number of quality-based requirements. The technical nature of the project also distracted the technically-focused team from the user interface design until the prototype session. Despite the technical nature of the team and project, Appreciative Inquiry, between the researcher and the development team, produced additional requirements including a majority of quality requirements, such as incorporating flash and other graphics website to improve visual appeal. However, there was no transference of requirements from the Appreciative Inquiry session to their report's requirements matrix. Finally, the client of Team 3 provided little definition, giving more opportunity and challenge for the development team to develop a cohesive set of requirements with their client. This project's total unique requirements increased through the project's lifecycle as shown in Fig. 4 . This team also reported the largest increase in unique requirements (total requirements minus duplicate requirements) following their Appreciative Inquiry session with the researcher. The newly added non-duplicated requirements were user-focused, such as user login, registration, accessibility, and instructions. The team reported that they attempted Appreciative Inquiry with their client and it helped them get more productive answers. However, they felt it only helped them identify additional minor requirements. This team reported that additional graphics were added to the final implementation as a result of their Appreciative Inquiry session.
Cross-Case Comparison
Since each case followed a replicated process, a cross-case comparison is made to substantiate and generalize the results. As mentioned previously, each team and their client are considered a separate case. In addition to the requirements data discussed for each case above, each case-study embedded data collection of team effectiveness, perceived stress, Emotional Intelligence, future months considered by the development team, and the Appreciative Inquiry feedback. The embedded data is compiled and compared across cases to provide an overall context and explanation for the requirements results of all cases. The subsections below present a comparison of all measures collected for all cases.
Requirements compilation results for all cases are shown in Fig. 5 , which includes the total requirements identified at multiple points-in-time during the development process broken down by unique (non-duplicated) functional, unique quality, duplicated, and futuristic requirements. The compilation graph of all cases in Fig. 6 shows that, following a steady decline of newly identified unique requirements in the first three points-in-time, the Appreciative Inquiry sessions between the researcher and the development teams identified additional non-duplicated non-functional requirements and provided nearly all of the futuristic requirements identified during the project. Consistent with prior studies, Appreciative Inquiry identified minimal duplicates. Unfortunately, the identified non-functional and futuristic requirements did not carry forward into the following report submitted after the subsequent prototype session, Report 3. Though the teams were able to identify future requirements during the Appreciative Inquiry session, the development teams, despite a few exceptions (e.g., Team 1's portfolio page), expressed reluctantance to suggest any additional requirements to their client for fear that it would mean additional work that they may not be able to complete prior to their project's end. The cross-case comparison graph in Fig. 6 shows that the spike in additional unique nonduplicated requirements during the Appreciative Inquiry session was consistent for all teams regardless of whether requirements were previously added or reduced in the prior phases.
Participant feedback indicated that the participants experienced a benefit from the Appreciative Inquiry process by providing a broader perspective of their project and the client. The development team members expressed commitment to their requirements and prototype as well as overall commitment to the project. Appreciative Inquiry feedback was solicited by measuring perceived team effectiveness, stress, and Emotional Intelligence. Surveys were collected after the first JAD session (before Report 1 was finalized) and after the first prototype session (before Report 3 was finalized).
Perception of the team's effectiveness changed over time and was different for the teams who had no prior relationship. For those teams without a prior relationship (Team 1 and Team 3), perceptions of team effectiveness declined over time as much as 40%. (Team members in Team 2 had worked together on development projects in other courses.) For the initial measure of team effectiveness, 13 surveys were collected after the first Appreciative Inquiry session (after the first JAD session) and 15 surveys were collected after the second Appreciative Inquiry session (after the prototype session) for the final measure of team effectiveness. (Additional surveys were collected after the prototype as compared to the first JAD session since students added the class after the first JAD session.) Participant perceived stress surveys using the 10-item Scale for Perceived Stress survey (Cohen et al. 1983) showed the teams perceived stress increased nearly 51% over the period of the study with 13 surveys collected initially (at the first class meeting) and 15 collected following the first prototype session. (Additional surveys were collected after the prototype as compared to the first JAD session since students added the class after the first JAD session.) Stress increased over time as the project progressed, which may correlate with the end of the class session for the students.
Finally, the deviation of Emotional Intelligence, using Schutte's 33-item Emotional Intelligence scale (Schutte et al. 1998) , was measured within teams to see if there was any correlation with team feedback, requirement types, or team effectiveness. The surveys were collected after the first prototype from 15 participants. The scores for the instrument range from 33 to 138 with the higher scores indicating higher Emotional Intelligence (Lenaghan et al. 2007 ). Team scores ranged from 114 to 128. The lowest score submitted by an individual was 98. Team 2 had the highest deviation in Emotional Intelligence scores with an increase in team effectiveness scores during the project. Conversely, Team 3 had the lowest deviation in Emotional Intelligence and had the lowest team effectiveness score. Emotional Intelligence showed a week correlation to the final measure of team effectiveness taken after Report 3 (r-.61, p<.05). However, if adjusted using the Bonferroni adjustment for the three tests, which would require a significance level of α/3 (.05/3=.016), the effects would not be considered significant.
Process results showed that all development teams considered additional futuristic requirements and system potential early in the life of the project and it decreased towards the later phases of the project as shown in the graph of future months projected by team members in Fig. 7 . All teams reported considering more time into the future (measured in months) when defining the requirements at the early stages of the project. However, the number of future months considered during Appreciative Inquiry sessions steadily declined as the projects' progressed. Paradoxically, as shown in Fig. 8 , the teams' acknowledgement for Appreciative Inquiry was higher near the end of the project as compared to the beginning as measured by the participant feedback (Appendix B) even though the relative number of months they considered in the future declined. Participants reported survey feedback the benefit of Appreciative Inquiry in providing a long-term view of the project that extended beyond the life of their specific project.
Lessons Learned Development teams reported benefit from their Appreciative Inquiry sessions with the researcher and were able to identify additional requirements during this session. However, those requirements were not included in their project prototype or documentation report due to their fear of identifying requirements that they would not be able to implement. Additionally, teams future-focus on requirements declined as the project progressed and tasks as deadlines became more imminent. As a result, Appreciative Inquiry may be more effective in the early project phases when the project vision and goals are still being defined. At this initial state of evaluating conditions suitable for Appreciative Inquiry with development teams, there appears to be possible correlation with team effectiveness and Emotional Intelligence but more studies are needed to evaluate more conclusively. Development teams may also benefit from more training, modeling and mentoring with Appreciative Inquiry to improve their direct use of it with users and clients.
Discussion
The purpose of the requirements elicitation process is to obtain a set of user requirements that is complete and accurately reflects the needs and expectations of the system being developed. A variety of requirements are needed to develop a holistic solution that meets the client requirements and is technically feasible. Requirements should include those that define functionality, describe quality and non-functional expectations, and consider future goals. Effective communication during the requirements elicitation process provides the foundation and opportunity for the developers and clients to jointly create a unified vision of the goals and solution, which influences mutual commitment, trust, and confidence.
The case studies were executed as Action Research to fulfill a dual purpose: 1) improve knowledge on optimal user requirements gathering and 2) develop and optimize a process for such user requirements. The first study was a case study to learn whether Appreciative Inquiry could be applicable to soliciting user requirements. With positive results from the initial case study, a controlled experiment was performed to see if the results could be duplicated. Though the requirements results were duplicated, the controlled experiment process using a fictitious context proved to be a distraction. Future studies were improved to evaluate whether Appreciative Inquiry could be used with real project teams using real scenarios to improve the participants' ability to "relate" to the project context. The fourth study continued the Appreciative Inquiry process with multiple case studies with cross-case comparison to address validity. The goals of the fourth study were to determine if the Appreciative Inquiry process previously used could be applied by a project team. Additionally, measures for team effectiveness, stress, and Emotional Intelligence were added to evaluate a variety of relationships with the development team and requirements elicitation. However, the requirements of the Appreciative Inquiry sessions that occurred with the development teams and researcher directly did not transfer to the requirements documented by the team in the fourth study.
Consistent results have been observed using Appreciative Inquiry in eliciting user requirements for the participants, the requirements obtained, and the general process.
For the participants, end-users have been involved who otherwise would not be engaged due to perceived complexities. They participated consistently with immediate buy-in and enthusiasm, especially those users who were technically-inhibited. As evidenced in the last study, developers may have the potential to apply Appreciative Inquiry but it did not transfer to adding requirements in their reports although developers reported benefit for Appreciative Inquiry in expanding their future view of the project during their Appreciative Inquiry session with the researcher. Appreciative Inquiry was effective with getting past some developer's automatic responses, biases and expectations during requirements elicitation. Developers acknowledged the additional unique requirements identified by Appreciative Inquiry improved the quality of the system and enhanced a more holistic developer understanding for the project. However, they expressed concerns that additional requirements can affect the project success (scope, timeline, deliverables). Consequently, the development teams were more receptive to Appreciative Inquiry and identifying additional future requirements in the initial phases of the project. There also seems to be interceding factors such as team effectiveness and trust, the knowledge and experience of the facilitator, and the development project type itself. However, the results of these studies for these factors are not conclusive.
Appreciative Inquiry has also demonstrated benefits to the requirements gathered by identifying additional and different requirements after common brainstorming questions were exhausted. Appreciative Inquiry identified new (non-duplicated) requirements. It also identified more quality-based (non-functional) requirements due to the broader perspective it provided. Long-term future requirements were identified almost exclusively due to Appreciative Inquiry. Developers reported benefit from the long-term perspective in helping them clarify and define current requirements.
These studies provide many implications for system development practitioners in the requirements elicitation and system development process. We demonstrated that the Appreciative Inquiry process requires a realistic context; time for participants to think about the thought-provoking questions, time management to keep participants on track, structured questions and extra time to facilitate the extraction and translation of requirements, and a knowledgeable interviewer about the business context.
Results indicate that open-ended visionary elicitation techniques may be more effective at earlier phases in the project to allow development teams the opportunity to identify a larger view of the project and the user's ultimate goals. A developer's complete and accurate interpretation of the clients' vision and goals benefits the definition and confirmation of requirements throughout the project as well as enhances the client's trust and confidence in the team.
Regardless of the requirements elicitation technique there are other factors that affect success: decisiveness and the degree that the project is defined. Before requirements can be confirmed, the client needs to know exactly what is needed and trust the capabilities and commitment level of the team members. Though Appreciative Inquiry can be used, as it is used in organizational change management, to create a common understanding among a team with the client, development teams will still rely on the client to provide some definition of what is needed and to confirm requirements.
There are several limitations to our study. First of all, there are limitations due to our study approach: the use of case studies. Using a fictitious scenario was a deterrent as shown in the second study. In addition, any case study includes a threat to external validity. However, this collection of multiple studies used a replicated process and common set of measures, a means of identifying recurring practices, study enhancements, and a cross-case comparison in the last study to improve validity (Miles and Huberman 1994; Yin 2009 ). These studies also did not trace the requirements to determine their implementation or not. Success of any requirements elicitation method should include the evaluation of whether it results in requirements that were implemented by the developers and judged by the users/clients as critical and/or useful. With regard to the study participants, this study is limited since it was done with inexperienced system development project teams. No comparison was made with experienced, professional system developers. Results may differ with more experienced teams who may (or may not) have familiarity with the project context and/or a familiar set of requirements elicitation methods that they already use. In addition, the study population in these studies was not large enough, nor under fully controlled conditions, to conclusively determine personal factors that influence Appreciative Inquiry's effectiveness including gender, team effectiveness, etc. Caution is needed, however, since larger, controlled studies are not considered "real" by participants resulting in inconclusive results with the application of the process (as shown in Study 2).
The use of compound questions may be considered a flaw to the participant feedback survey. Two compound questions were used in the participant survey to allow for a consistent survey to capture participant feedback at each consecutive project phase when requirements were gathered or refined: initial requirements gathering and prototyping which were done consecutively. Initial requirements gathered were used to develop the prototype; the prototype was used to further define and refine requirements.
Finally, most projects were user-interface development projects. Appreciative Inquiry was not evaluated for other types of projects such as business process improvement projects or infrastructure projects (e.g., database or server migration projects).
Different system development methodologies were also not evaluated. Not all methodologies (e.g., waterfall) may be amiable to the Appreciative Inquiry-style or Action Research due to their prescriptive and sequential processes.
Conclusions
Diverse progressive studies were conducted ranging from pilot studies, controlled experiments, quasi-experiments and multiple case studies with end-user, developers, and company leaders as participants. Through the progression of these four studies, Appreciative Inquiry demonstrated consistent effectiveness with gathering requirements that were more unique and related to the non-functional attributes of the system with participations giving a greater consideration for the future of the system.
Appreciative Inquiry is not presented as a panacea for soliciting requirements. It is not meant as a method to replace current user requirement elicitation methods but to augment them by allowing a different perspective and set of questions to obtain another aspect of users' needs for a proposed system. A wide-ranging set of communication techniques can produce more complete information about the capabilities of the team and the technology as well as have a positive impact on the requirements elicitation process. Appreciative Inquiry provides clients and development teams the opportunity to create a common understanding for the vision and goals of the system. This common understanding has positive effects on current project requirements and design decisions as well as provides the clients an opportunity to visualize the long-term direction for their system, and in some cases their business. However, clients often lack clarity for what it is they really want and, unfortunately, contribute to the development team's inaccurate interpretation of the requirements.
Future studies should evaluate the optimization of Appreciative Inquiry with development project teams by identifying modifications to the Appreciative Inquiry process that they can use. Future studies can further define project types, users, project phases, and/or development methodologies where Appreciative Inquiry can be applied by development teams to achieve the greatest opportunity to impact requirements obtained and, consequently project success. All requirements (not just those implemented) should be evaluated to determine their implementation disposition in addition to the other measures being evaluated (e.g., futuristic requirements). This may also provide some insight into the requirements chosen and the development team's influence on the client requirements' decisions, short and long-term. Additional research can be done to also evaluate other project factors such as differing project types, project phases, complimentary requirements elicitation methods, requirements decision factors, team composition and effectiveness, and participant factors. Of particular interest would be development projects for technical infrastructure projects where the user is an information systems professional since they may be the most skeptical to use non-prescriptive requirements elicitation methods.
Further evaluation is also needed to define the correlation of development team effectiveness and other personal factors, such as gender and Emotional Intelligence, with the requirements elicitation process and Appreciative Inquiry. Future studies can also develop approaches to further support developers in applying Appreciative Inquiry with additional demonstration, training, and/or practice. Larger populations and/or more collective studies will continue to help improve this understanding. brainstorming questions to gather requirements (first interview). Each interview started with an explanation of the proposed online user community, possible features, functionality and resources, e.g., discussion boards to interact with others using traditional brainstorming questions used for eliciting user requirements as shown in Appendix C. Once the responses were received, the participants were introduced to the concept of Appreciative Inquiry, using the general procedure described above, and interviewed again by phone (second interview). The Appreciative Inquiry interview was conducted 1-2 weeks later to give them time to reflect on the Appreciative Inquiry questions. At the interview, Appreciative Inquiry was re-explained, questions re-presented and detailed responses recorded. Brainstorming questions were not repeated since different responses were not expected since the participants had an existing positive open relationship with the researchers. All interviews were transcribed and answers and attitudes compared with those from the traditional approach. A complete list of the brainstorming questions is provided in Appendix C.
Measurements We measured the requirements gathered, the responses of the participants, and the effectiveness of the Appreciative Inquiry process itself. Requirements and participant attitudes were compared between Appreciative Inquiry and the direct questions. Measurements were obtained via transcription by the researcher.
Appendix F: Proxy User Controlled Experiment (Study 2)
Participants 25 students participated. They were university Information System (IS) Master Degree and Doctoral students. The participants were invited via the department listserv. The context of the experiment was described as developing requirements for "a 'connected' campus that integrates technology into course curriculum and campus life". Participants were provided $20 for their participation.
Methodology and Procedures There were two conditions: the Appreciative Inquiry and the brainstorming conditions. Students were randomly assigned to teams and each team to a condition. For each condition, there were three groups with the number of participants ranging from three to five participants in each group. Regardless of the requirements' eliciting technique, participants were assigned team roles. There were three different roles: uses, business analysts, and developers. Based on their assigned role, the study participants represented different types of participants in system development projects. These roles were assigned in an effort to make the experiment realistic. 'Users' were described as the faculty and students at the university who would be considered users; 'developers' were described as those who would design and develop the systems based on the requirements captured; and 'business analysts' were described as the liaison among users and developers in order to elicit, analyze, communicate and validate requirements for the information system.
In both the brainstorming and Appreciative Inquiry conditions, we tested two group compositions. The first composition consisted of the users, business analysts and developers roles; the second group composition consisted of the users and business analysts roles. The two group compositions were chosen based on whether developers directly participated in requirements gathering. Group compositions were determined based on random assignment. An overview of the distribution of participants, their roles, and the respective elicitation methods is shown in Table 8 .
Participants received a description of the information system development project to create a "connected" university at their campus. The participants were told that the outcomes of the experiment were the identified requirements and their feedback on the process.
As explained above, the Appreciative Inquiry session started with a definition of an affirmative topic for the session. The general theme was adjusted for the connected campus example:
When professors and students are successful, a student's education allows them to realize their vision and goals; and professors are successful at research which improves practical applications and enhances the education they provide to students. Technology is a tool that facilitates the achievement of this vision and goals. It frees people from processes and methods. It greatly improves student success, supports successful relationships between the communication, practitioners, researchers and students. It supports creativity, enables quality and produces desired results.
Following the presentation of the theme and opportunity for the participants to ask questions, the researcher guided the participants through answering a basic set of Appreciative Inquiry questions: a. What were your hopes and dreams when you chose to attend or work at this University? b. Think over your educational career and all the work you have. Think about the greatest experience you have ever had in the classroom or in your university life. Think about when you felt most successful and most satisfied. Consider situations where you were helped by a colleague, fellow student, or professor. Consider situations where you helped a colleague, fellow student, or professor. Consider an important experience or event that provided unexpected opportunities or enabled you to face a difficult challenge. The brainstorming session started with an explanation of brainstorming and an invitation to suggest requirements for the information system. As necessary to address any lull in the conversation, the researcher stimulated the conversation with traditional questions used for gathering system requirements (Appendix C).
Measurements As with the prior study, we counted the requirements gathered, the responses of the participants, and the effectiveness of the Appreciative Inquiry process itself as transcribed by the researcher during the session and collected via survey (Appendix B). Requirements and participant attitudes were compared between Appreciative Inquiry and the brainstorming sessions.
Appendix G: Project Team Field Experiment (Study 3)
Participants The participants were members of two student project teams within a Computer Information Systems capstone course at a California State Polytechnic University, Pomona. As part of this course, students develop software for a client and project which they have chosen from a list of projects solicited by the course professor. The course uses an "Evolutionary Prototyping" methodology that assumes that the requirements are not known at the beginning of the project and evolve as the project progresses. "Rapid Development: Taming Wild Software Schedules" (McConnell 1996 ) is used as the reference for this course as well as for another course in the curriculum. The course dictates the use of multiple Joint Application Development (JAD) sessions for the student teams to meet with the project clients to enhance client participation and collaboration with the development teams in developing requirements and reviewing prototypes.
There were seven participants with four in one project team and three in the other team. The first team developed a website application for a plumbing supply company and the second team developed a website for a race car import company.
Methodology and Procedures
User requirements for different phases of the system development life cycle were collected to evaluate the types of requirements and how that changes over time with and without the intervention of Appreciative Inquiry. Requirements were collected initially from the client's original list, initial Appreciative Inquiry session (Team 1 only), their first joint application design (JAD) session, final prototype session, and the final Appreciative Inquiry session. Team 1 participated in an Appreciative Inquiry session twice: once after the client submitted their initial requirements and the second after their prototype session. Since differences in results for Team 1 can be attributed both to the timing as well as a learning effect, we organized the study so that Team 2 participated only once in an Appreciative Inquiry session after their prototype session.
For Team 1, an Appreciative Inquiry theme and questions were provided as in the previous case studies but were adjusted for the individual project. An example is shown below for the race car import company:
When customers and employees are successful, the company realizes their vision and goals for local, global and efficient import of race car parts; employees are successful at producing desired results and achieving their goals, and customers obtain their goals through meeting current and future needs. Technology is a tool that facilitates the achievement of this vision and goals. It frees people from processes and methods. It greatly improves company, customer and employee success, as well as supports successful relationships between the company, employees, and customers. It supports creativity, enables quality and produces desired results.
When the prototype was presented, the Appreciative Inquiry session was adjusted for the different time in the project cycle (initial class meeting as opposed to following the prototype session, Report 3). In the last phase, we asked the participants to not only reflect on what has worked well with this project but the group as a team as was consistent with other uses of Appreciative Inquiry with teams (Bushe and Coetzer 1995 Measurements As with the prior study, the following measures were collected: the number and type of solicited requirements, the responses of the participants, and the effectiveness of the Appreciative Inquiry process itself. Requirements and participant attitudes were compared between the different project phases (initial and final prototype): For Team #1, the Appreciative Inquiry process was conducted after the initial requirements from the client at the first class meeting and after their first prototype presentation, Report 3; For Team #2, the Appreciative Inquiry process was only conducted after their prototype presentation, Report 3. Results for each team were also evaluated to determine if additional requirements could be identified at the final Appreciative Inquiry session regardless of whether the team previously experienced an Appreciative Inquiry session.
Appendix H: Development Team-Multiple Case Study (Study 4)
Participants Similar to the preceding study, the participants of each case study were members of student project teams within a CIS capstone course at California State Polytechnic University, Pomona. As with the previous study, the students select a development project submitted by external clients to the course professor.
This study consisted of three individual case studies based on student development teams assigned to the following projects:
Team 1 A website for marketing and previewing acoustical panel and wall covering business for an existing business that caters to graphical designers and construction contractors. Team 2 An e-commerce website that provides information regarding a specific make of classic cars. Team 3 A website for a university violence prevention outreach program.
Each case study consisted of a team with five to six developer members and their corresponding client. All developer team-members were undergraduate male students within 3 to 6 months of receiving their degree. Each project had one client who was responsible for defining the requirements. All the clients have undergraduate degrees.
Project types varied in complexity and definition. Team #1's and Team #2's projects were concise and more defined by their client. Conversely, Team #3 project was presented by the client with broad, vague and unconstrained requirements. Table 9 provides an overview of the structure of the project teams.
Methodology and Procedures
Multiple case studies were conducted and compared with respect to evolving requirements for new additions, participant feedback, and team effectiveness as the projects' phases evolved through the development process. For each case study, there were four points in time when requirements were evaluated by the researcher.
1) The initial set of requirements (Initial) presented by the client to their selected development team at their initial meeting.
2) The first developer-documented set of requirements (Report 1) that is submitted to the professor after the developer's first joint application design session (JAD1) between the development team and their client.
3) The second developer-documented set of requirements (Report 2) that is submitted to the professor after the development team's second joint application design session (JAD2) between the development team and their client. Report 2 is an opportunity for the development team to clarify their initial set of requirements as well as add more. 4) The third developer-documented set of requirements (Report 3) that is submitted to the professor after the developer's first prototype (Proto1) is demonstrated by the developers to their client. Report 3 provides another opportunity for the development team to clarify requirements by demonstrating a system prototype. The client and development team often suggest additional requirements at this stage once the clients view this first working model of their project and the development team gains more confidence in their abilities to meet the client's requirements.
All reports are submitted with a standardized format provided by the course professor who then provides feedback to the team prior to each report's final submission. The reports are cumulative with additional information being added as the project continues, such as requirement changes. A sample of the report content and format, including the requirements matrix, is provided in Appendix D. The reports are submitted to the course professor and to the client at biweekly intervals throughout the progression of the course.
Appreciative Inquiry sessions were performed individually by the researcher alone with each development team after Report 2 and after Report 3. Report 1 was used as a baseline of user requirements for comparison with the other reports. The data collection for this study concluded with Report 3, the first prototype session even though the course and projects continue through to one more prototype session and a final presentation. (The teams continue their work with a second prototype session, Report 4, and the final application presentation and turnover to the user with a final report to the professor.)
